Abstract: Differential predation on particular sex or age classes of a population can arise as a result of predator preferences or prey attributes. I examined the impacts of age, size, and body mass of snowshoe hares, Lepus americanus, on their susceptibility to predation by coyotes, Canis latrans. I observed coyote predation on naïve radio-collared hares during a fortuitous natural experiment: a coyote entered a predator exclosure fence in which hares of all ages had no previous experience with terrestrial predators, thus separating age from experience with this predator. I contrasted this manipulation with populations in which hares grew up in the presence of coyotes. Prey naiveté per se did not influence coyote predation, but older hares appeared to be more susceptible to coyote predation than younger ones. There were no obvious effects of body mass or size on coyote predation during the winter.
Introduction
Predators often prey disproportionately upon certain agesex-size classes of their prey. Differential predation could result from predator behaviour, such as choosing prey of certain sizes, or from prey characteristics, such as one class differentially using habitats in which they are exceptionally vulnerable to predation. Differentiating between these alternatives tests the degree to which attributes of prey affect prey survival. In some cases, predators may be so efficient that behavioural and size differences among the prey animals do not particularly matter (e.g., Boonstra 1977; Temple 1987) , whereas numerous studies have indicated instances in which prey behaviour affects survival (reviewed in Lima and Dill 1990) . Understanding the mechanisms that lead to differential predation within a population may explain the behavioural changes prey do or do not make when predation pressure is high.
Optimal foraging theory suggests that predators should optimize their energy gain for a given energy expenditure, which could lead to size selection by predators (Stephens and Krebs 1986) . Differential mortality of prey could thus arise if the predator selected certain prey sizes, as many raptors appear to do (Marti and Hogue 1979; Janes and Barss 1985; Kotler et al. 1988; Rohner and Krebs 1996) . Alternatively, differential predation could arise simply by predators taking prey according to availability or susceptibility but exerting no other type of selection (e.g., Nishimura and Abe 1988) . In this case, attributes of the prey will largely determine the predation pattern. Three main characteristics of prey animals influence risk of predation (Longland and Jenkins 1987; Mappes et al. 1993; Koivunen et al. 1996) . First, some individuals, such as juveniles, may be naïve about predators, not knowing how to detect and avoid them. Second, behavioural patterns such as habitat choice, movements, vigilance, and activity levels influence predation risk (Lima and Dill 1990; Dickman 1992; Stuart-Smith and Boutin 1995) . Third, physical attributes of prey, including size, mass, developmental stage, physiology, reproductive state, and parasite load, can influence predation rates through two mechanisms. Behaviour may be condition-dependent, such that animals in a given conditional state reliably exhibit particular behaviours (Dickman 1992) . Additionally, for any encounter with a predator, an animal in poor condition is less likely to escape than is an animal in good condition.
In this paper, I examine the mechanisms underlying the mortality patterns for snowshoe hares, Lepus americanus Erxl.
(hereafter also referred to as hares), preyed upon by coyotes (Canis latrans Say). I present results from 3 winter months, November-January, using experimental manipulations that had been established for 8 years as part of the Kluane Boreal Forest Ecosystem Project (Krebs et al. 1995; Krebs et al. 2001 ). On one site, hares were fed commercial rabbit chow and protected from mammalian predators (coyotes, wolves (Canis lupus L.), and lynx (Lynx canadensis Kerr)) by fencing from 1987 to 1995. During the last winter of the Kluane experiments, 1995-1996, this manipulation was destroyed when a coyote entered the fence and eluded attempts to remove it. Hereafter this treatment is referred to as the coyote enclosure. This fortuitous natural experiment was valuable because within the fence hares had a wide age distribution including many old ones, but all hares were naïve about terrestrial predators. In contrast, hares on food addition, fertilization, and control sites were all "normal" with respect to mammalian predators: the age and experience of hares were linked and predators had been present throughout the preceding years; hereafter, these treatments are all called control. Results from snow-tracking coyotes and lynx show that only~1/3 of all hunting attempts are successful (O'Donoghue et al. 1998a) , so many of these control hares would have successfully eluded predation attempts. All hare populations were trapped biannually and some individuals were radiocollared, thus providing data on age, size, mass, and timing and cause of mortality. Males and females were analyzed together because previous studies show no sex-biased mortality of snowshoe hares (Gillis 1998; Hodges 2000) and all hares were non-reproductive for the period under consideration.
I address the following hypotheses about coyote predation on snowshoe hares. (1) Coyote predation is higher on naïve prey. In the coyote enclosure, all hares were equally naïve about coyotes, which would result in no age bias in the mortality patterns. In the control areas, younger hares should be disproportionately killed because they are less experienced about predators. Naïve prey should be killed earlier than more experienced prey. (2) Coyotes selectively hunt hares of a certain size or mass. Either the skeletal size (indexed by the right hind foot length) and (or) mass of coyote-killed hares should differ from that of the population at large and that of surviving hares. There is no a priori reason for anticipating the directionality of difference. More preferred prey should be killed earlier, leading to a difference between early-killed and late-killed animals. (3) Age of hares affects their ability to escape predation, irrespective of experience. In the coyote enclosure, there were hares up to 6 years of age and the age distribution was older than is normally found in hare populations, where even 3-and 4-year-olds are rare (Hodges et al. 2001) . If older hares are less agile than younger ones, coyotes should be more successful at killing the older ones. This pattern should be more pronounced in the coyote enclosure than in the control areas because of the older age distribution present there. Older hares should be killed earlier than younger ones.
Methods
The study area was in the Shakwak Trench of southwestern Yukon, southeast of Kluane Lake, in the rain shadow of the St. Elias
Mountains. White spruce (Picea glauca (Moench) Voss) was the only coniferous species, and quaking aspen (Populus tremuloides Michx.) and balsam poplar (Populus balsamifera L.) were rarely present. The dominant shrubs were bog birch (Betula glandulosa Michx.), grey willow (Salix glauca L.), and soapberry (Shepherdia canadensis (L.) Nutt.). For this study, I examined snowshoe hare mortality from 1 November 1995 to 31 January 1996. Snow was on the ground during this entire time.
The coyote enclosure was originally part of a factorial experiment examining the impacts of food and predation on the snowshoe hare cycle and community dynamics in the boreal forest (for complete descriptions of treatments and methodology see Krebs et al. 1995 ). The original treatment was predator exclusion + food addition; it consisted of a 1-km 2 area enclosed by a 2.6-cm 2 chicken-wire and electric fence that effectively excluded mammalian predators. In the preceding 4 years, 3 lynx and 1 fox (Vulpes vulpes L.) were inside the fence for a combined total of <10 days; at all other times, mammalian predators were absent. Within the enclosure, a 36-ha area was provided with ad libitum rabbit chow provided from 1988 year round on four 570-m lines spaced 180 m apart. There were several impacts on the hare population by the winter in question: hare densities were 1.3-11.7 (mean 5.0) times higher than on the other sites, survival was higher, fecundity was higher, and the age structure was shifted towards older animals (Krebs et al. 1992 (Krebs et al. , 1995 Hodges et al. 2001 ). This population was therefore unique in the abundance of older animals and the equal naiveté of older and younger animals about mammalian predators generally and coyotes specifically. On approximately 8 November 1995, a coyote breached the fence and remained inside through 7 January 1996 (coyote density = 1/km 2 ). There were radio-collared hares on three other treatment types on nine 36-ha sites: control (three long-term trapping grids plus two additional sites that were sporadically trapped to increase sample sizes of radio-collared hares), food addition (rabbit chow added year round, two sites), and fertilization (N-P-K fertilizer added each spring, two sites). Sites were spread along 20 km of the Alaska Highway and all sites were at least 1 km apart. The manipulations of fertilization and food addition resulted in higher hare densities relative to the unmanipulated control sites, but they had few or no impacts on survival rates of snowshoe hares (Hodges et al. 2001) . All sites had typical mammalian predator densities and predation deaths. The entire study area was~350 km 2 and during winter 1995-1996 there were 7 coyotes present (O'Donoghue et al. 2001) , for a coyote density of 1/50 km 2 . On all sites, hares were trapped on grids with 86 traps that effectively trapped an area of~60 ha. Population estimates were made in March and October. The October 1995 population estimate on the coyote enclosure was completed prior to the entrance of the coyote. During summer 1995, a concurrent study on the mortality patterns of juvenile hares resulted in the trapping and radiocollaring of many individuals during the summer that were not recaptured in the fall, primarily because individuals dispersed away from trapping grids (Gillis 1998) . Thus, the radio-collared "population" included individuals for which I did not obtain fall mass or size data. Each captured hare was ear-tagged, sexed, weighed, and right hind foot length and age were recorded. Designation of adult or juvenile was based on date, mass, length of right hind foot, and capture history. Some hares were radio-collared with 40-g transmitters equipped with mortality sensors that doubled the pulse rate when the radio collar did not move for 4 h. All radio-collar frequencies were checked every 1-2 days and all radio collars on the mortality pulse rate were located to determine the cause of the hare's death from snow tracks, scat, pellets, and manner of eating the hare .
I address age, body size, and fall mass as intrinsic conditional correlates that may influence susceptibility to coyote predation.
Age was calculated to the nearest year: hares born in summer 1995 are described as 1 (going into their first winter). Because of the duration of the original Kluane experiment and the extensive trapping effort prior to the entrance of the coyote, good age records exist for many of the hares present in each treatment area. For each adult hare, mean right hind foot length was calculated based on measurements taken at all of its captures as an adult; variation represents measurement error rather than hare growth. For juveniles going into their first winter, I used hind foot length as measured in October. Fall mass is the mass of each hare at its first capture during the October 1995 census period. Body mass may affect the attractiveness of a hare to a coyote because mass reflects the amount of meat the coyote would obtain by capturing a hare. Although young hares have smaller feet and weigh less than adults, within a given age class there is large variation in mass for a given foot size K.E. Hodges, unpublished data) . The two measures may thus reflect different intrinsic features. I analyzed hind foot length and body mass separately rather than creating some kind of "condition" index from the two measurements because such indices do not appear to be good reflections of the physiological condition of hares . Mass and hind foot data from all age classes are pooled for analysis to reflect the attributes of the entire population of hares available to be preyed upon by coyotes.
Some of the radio-collared hares were not captured during October, so I did not analyze mass or foot size (of juveniles) for these individuals. Proportional data were analyzed with χ 2 statistics and G tests, whereas continuous data were analyzed with t tests and ANOVAs. Analyses follow methods in Sokal and Rohlf (1995) and were conducted in Statistica (Statsoft Inc. 1995) .
Results
The radio-collared hares were not typical of the trapped populations (Table 1 ). Because of concurrent behavioural studies, our emphasis was on keeping known animals radiocollared rather than distributing radio collars proportionally across age classes. Therefore, in the coyote enclosure, the sample of radio-collared hares was biased towards older, larger, heavier hares (for age, G [2] = 36.0, p < 0.01). Most of these older hares were females, leading to a sex bias in the radio-collared population as well (G [1] = 5.68, p = 0.017). On the coyote enclosure, the October-trapped population underrepresents the older hares because 7/22 of the radio-collared animals, including 3 animals older than 3 years, were not caught in this trapping session. In the control areas, radiocollared and trapped hares differed in age (G [2] = 33.2, p < 0.01) but had even sex ratios (G [1] = 0.47, p = 0.49). In the control areas, the radio-collared and trapped hares had similar right hind foot lengths and body masses.
I compared the coyote-killed hares with the radio-collared population and with the total known population (trapped + radio-collared hares). Inside the coyote enclosure, six of seven 4-to 6-year-old hares were killed by the coyote (Table 2, Fig. 1 ). The age distribution of coyote-killed hares did not differ from the age distribution of radio-collared ones (χ 2 = 1.62, p = 0.44), but coyote-killed hares were significantly older than those in the total known population (χ 2 = 67.3, p < 0.01). In the control areas, coyote-killed, predator-killed, and surviving radio-collared hares did not differ from each other in age structure, with approximately 9% of the 1-yearolds and >1-year-olds being killed by coyotes, approximately 20% of each group being killed by other predators, and the remainder surviving. Although coyote-killed hares in the control areas did not differ from the age distribution of radio-collared ones (χ 2 = 0.03, p = 0.86), disproportionately many older hares were coyote-killed relative to the total known population (χ 2 = 8.84, p < 0.01). Taken altogether, the coyote in the coyote enclosure killed 80% of the radiocollared 1-year-olds, 40% of the 2-to 3-year-olds, and 86% Note: Numbers in parentheses are sample sizes. Not all radio-collared hares were trapped in October 1995, but those that were are included in the estimates for the trapped populations. Sample sizes differ because of missing data for some parameters (e.g., some hares were inconsistently sexed). Additionally, many of the radio-collared first-winter hares were caught in the summer as part of another study but were not recaught in the fall (Gillis 1998), thus they do not contribute to mass and right hind foot data. Hind foot length and fall mass values are mean ± SE. of the 4-to 6-year-olds. In the control areas, coyotes killed 8% of the radio-collared 1-year-olds and 9% of the 2-to 4-year-olds.
In the coyote enclosure, coyote-killed hares had hind feet that were 4% larger than the feet of those that survived. There was, however, no difference in the mean mass of hares in these two categories. In the control areas, there were no differences in hind foot size or body mass among hares killed by coyotes, those killed by other predators, and those that survived.
I divided coyote-killed hares into two groups, an "early" and a "late" group, to test whether any of the conditional attributes affected timing of coyote predation (Table 3 , Fig. 1 ). Inside the coyote enclosure, hares killed within a week of the coyote's entry had smaller hind feet than those that were killed later. All of the sixth winter hares were killed early. In the control areas, neither hind foot length nor mass differed between the early and late groups, but all those killed early were in their first winter, whereas 4/5 of those killed later were in their second or third winter.
Discussion
Snowshoe hares of different ages were differentially susceptible to predation by coyotes (supporting the third hypothesis). Inside the coyote enclosure, the oldest hares were killed earlier than the younger ones and the age distribution of coyote-killed hares was older than the distribution in the population at large. In the control areas, hares killed by coyotes were again older than predicted from the distribution of older ones in the population, but younger hares were killed by coyotes earlier in winter than were older ones. For hares of adult size, coyotes did not appear to exert size-or massdependent predation (counter to the second hypothesis). There was a slight difference in foot size between coyotekilled and surviving hares on the coyote enclosure, but there was no body mass difference. The first hypothesis suggested that hare naiveté would influence coyote predation, but this idea was not well supported: older hares in both the predator enclosure and control areas were more likely to be coyotekilled than were younger ones. The overall pattern appears to be that coyotes preyed upon the most vulnerable segment of the population, whether that was old naïve hares in the coyote enclosure, young naïve ones killed early in the control areas, or old experienced ones killed later in the control areas.
The caveats for this study lie in the small number of hares killed by coyotes (24) Note: Numbers in parentheses are sample sizes. Sample sizes are uneven because not all radio-collared hares were captured in the fall trapping session. The coyote entered the enclosure on 8 November. Hind foot length and fall mass values are mean ± SD.
*The only 4-year-old animal on the control sites survived the study period. Note: Hares killed by the coyote were divided into two groups according to the date on which they were killed. Sample sizes are uneven because not all radio-collared hares were captured in the fall trapping session immediately prior to the time when the coyote entered the fence. For the coyote enclosure, there should be 7 hares in each group, but there are 8 hares in the early group because the sixth, seventh, and eighth hares were killed on the same day. Age is classified according to the winter that the hares were entering (e.g., hares born in 1995 are classed as age 1 because they were going into their first winter). Hind foot length and fall mass values are mean ± SD. Numbers in parentheses are the sample sizes. the fact that the coyote-enclosure results come from 1 coyote preying upon a population of hares that differed from the other hare populations in density, reproductive output, and age structure. The data do not support the interpretation that this coyote was atypical in its behaviour or that the unusual attributes of the hare population in the coyote enclosure changed normal coyote predation patterns. The main difference between the predation patterns was in the kill rate, which was close to 2 hares per day per coyote for the coyote enclosure, but <1 hare per day per coyote for control areas (O'Donoghue et al. 2001) . Coyotes display a strong functional response to snowshoe hare densities during the population cycle and the difference in kill rates observed between treatments during this winter mimics this pattern (O'Donoghue et al. 1998b ). The kill rates inside the coyote enclosure were greater than the energetic requirements of the coyote and several of the hares were cached whole; such caching is again typical of coyote hunting patterns (O'Donoghue et al. 1998b) .
Other studies at Kluane support the idea that coyotes prey upon the most vulnerable segment of the population, but that this vulnerability is not driven by prey naiveté. Snowshoe hare leverets from birth to 30 days were never preyed upon by coyotes (O'Donoghue 1994; Stefan 1998; Hodges et al. 2001) . If hare naiveté affected coyote predation, juvenile hares should be preyed upon heavily as they first become mobile, i.e., shortly after weaning at~4 weeks. During summer 1995, the first coyote-caused death of a radio-collared juvenile hare (a 43-day-old third-litter individual) occurred on 31 August, when juvenile hares from the first litter werẽ 100 days old and already highly mobile (Gillis 1998; Gillis and Krebs 1999) . All other juvenile radio-collared hares killed by coyotes were killed in October-November (Gillis 1998) . The lack of coyote predation on juveniles through the summer suggests that coyotes exhibit prey selection by mass and (or) body size during summer; they do not appear to have been hunting juvenile hares at this time. For the winter period, however, when most hares were of adult mass (most were >1200 g), coyote predation was not linked to body mass of hares. Coyotes eat a variety of other prey species at Kluane (O'Donoghue et al. 1998b) , and throughout the year coyotes may prey upon the most susceptible prey not only within one species but also across species.
Approximately 65% of the coyote predation on hares at Kluane occurs during October-November, with approximately half of these hares cached for later consumption (O'Donoghue et al. 1998b; Hodges et al. 2001) . Coyotes are more successful at hunting hares when snows are shallow and (or) packed, largely because coyotes have a high footloading (Murray and Boutin 1991; Murray et al. 1994 Murray et al. , 1995 . During October-November, snow is shallower than later in winter, making hunting and caching easier for coyotes (O'Donoghue et al. 1998b) . Similarly, in some years coyotes are more successful at hunting in dense spruce stands, which may be correlated with the shallower snow in these habitats (Murray et al. 1994 (Murray et al. , 1995 . There were no obvious snowshoe hare behavioural correlates that affected the risk of coyote predation during this winter period. During the cyclic low phase of 1993-1996, male hares typically had movements about double those of females (Hodges 1999) , but the proportions of male and female hares killed by coyotes were similar (C.J. Krebs, unpublished data). That suggests that hare movement patterns did not bias predation by coyotes during this period.
Taken altogether, it appears that coyotes kill a nonrandom subset of the hare population at any given time, with hare mass and age as attributes that may affect their susceptibility to coyote predation. Changes in coyote hunting patterns may affect the total number of hares killed, as well as the type of snowshoe hare that is killed.
The snowshoe hare -coyote interaction occurs within the context of the 10-year population cycle of hares and a large community of other predators and prey. The risk of a hare being killed by a coyote is dominated by changes in the numerical and functional responses of coyotes (O'Donoghue et al. 1997 (O'Donoghue et al. , 1998b . Hare predation patterns in general are driven by numeric and functional changes of their main predators (coyotes and lynx (O'Donoghue et al. 1997 (O'Donoghue et al. , 1998b ; great horned owls (Bubo virginianus Gmelin) (Rohner 1995 (Rohner , 1996 ; goshawks (Accipiter gentilis L.) (Doyle and Smith 1994) ). The results presented here show that coyotes have distinct seasonal impacts as well and may prey disproportionately upon whichever category of hares is most susceptible at a given time. There is also evidence of differential predation on juvenile hares by raptors (Doyle 2000) , while leverets are heavily preyed upon by Arctic ground squirrels (Spermophilus parryii Richardson) and red squirrels (Tamiasciuris hudsonicus Erxl.) (O'Donoghue 1994; Stefan 1998) . These differential predation patterns may subtly influence the population dynamics of hares; for example, if many hares die as leverets or juveniles, that may reduce the ability of coyotes to respond numerically because fewer adult-sized hares will be available to them. In turn, variation in predator populations and predator functional responses may affect not only the actual mortality rates of hares but also the age composition or condition of the hare population.
